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ABSTRACT
Lothrop places on record the original study of the "mise en coleur" gilding of Cockl objects which Bergs0e had completed in 1940. The Cocle specimens were made of a copper-gold alloy with low gold content, and were cast in molds. Because such an alloy corrodes easily, the exact composition of the Cocle alloy could not be determined. The Cocle goldsmiths did not use the hammered overlay, mercury gilding, or leaf gilding processes, but rather the "mise en coleur" process in which the copper is removed from the surface of the alloy leaving a blackish-brown, spongy gold deposit as an overlay. This spongy overlay is compressed and returned to a golden color by hammering and burnishing. The surface copper was probably dissolved by ammonium carbonate derived from urine. 
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FACTS AND COMMENTS
been superseded by subsequent research. Even without the analyses on which they were based, they give a new insight into aboriginal metallurgy. The Peabody Museum has a record of the catalogue numbers and grave associations of the specimens analyzed. This list is of value now only because it indicated that the metal specimens were representative and reflected the entire ceramic sequence which was later established for stratified Sitio Conte graves. Although changes in type and style of gold jewelry took place during about 1000 years, the gilding techniques apparently remained unchanged.
REPORT ON COCLE METALLURGICAL INVESTIGATIONS Paul Bergs0e
My first task was to investigate what technical resemblance, if any, existed between the material from the Cocle finds (Lothrop 1937) and the well-known gold objects from Esmeraldas, Ecuador, which I examined and classified (Bergsoe 1938), a large number of which have subsequently been housed in the National Museum at Copenhagen. Technically speaking, it is practically impossible to find any points of similarity.
All the gold objects from La Tolita and Atacames in Ecuador were hammered; not one single molded object was discovered. The technique consisted in the melting of native gold to form an ingot by means of charcoal and blow-pipe and subsequent hammering into shape. Cocle, on the contrary, shows us molded objects, in which the technique may be said to have attained a very high standard. In other words, the natives must have been acquainted with the use of crucibles and with the construction of molds and cores. As regards Esmeraldas, it is remarkable that all the objects should be so inconceivably small and thin; they are almost certainly the finest and smallest gold objects ever found in America, and it appears as though gold could only be procured in small quantities. To make up for this, however, the Esmeraldas natives would seem to have been endowed with great dexterity and skill, and their use of platinum for plating gold bears witness to a very highly developed technique in this respect. The Cocle natives do not appear to have been acquainted with platinum plating, if we may judge by the fact that no platinum-plated objects have been discovered among them.
Both peoples were acquainted with gilding, but the characteristic gilding method employed in Ecuador-I have called it "fusion gilding" -was not demonstrable on any single one of the many gilded objects from Cocle that I have examined. The method was undoubtedly unknown there. The gilded copper objects found in Cocle show precisely the same high degree of corrosion as the corresponding objects from Ecuador. Corrosion is due to the same cause: a gold content in the copper core. This creates a local difference in potential between the copper and gold, which becomes disintegrated in small particles. In the presence of moisture, the copper will oxidize, and in the presence of carbonic acid the usual products of oxidation will be formed which, however, are black on account of the separated gold. The process has been described (Bergsoe 1938: 10).
Gold is, as we know, a metal completely exempt from corrosion, even when the copper content is relatively high. Copper itself is also astonishingly resistent to corrosion, especially in the pure state; a number of the copper articles found in Ecuador, which are made from practically speaking pure native copper, were not even green. But in the case of alloys of gold and copper with a high copper but low gold content (0.5 to 20%) the case becomes quite different, these alloys being extremely subject to corrosion. The heavy corrosion of these alloys makes it impossible for us to determine by means of chemical or spectroscopical tests the original composition of the corroded material, especially the quantitative relations of gold and copper, for it must be regarded as a certainty that some part of the copper has been dissolved and washed away by the action of water containing carbonic acid. The gold content will thus always be too high.
In Esmeraldas, Ecuador, gilding was performed by overlaying the copper with a melted copper alloy (about 20% copper) which fuses at a temperature 200?C lower than the melting point of copper. After cooling, this overlay was smoothed out by hammering, but it was impossible to avoid the formation of tiny rifts where corrosion could set in and continue its action, because the gold was in constant intimate connection with the copper which, in addition, itself had received a slight gold content, the gold having penetrated into the core during the process of gilding. The final result was that the gilding became loosened from its base; large quantities of these gold scales have been found.
Gilding in Cocle was not carried out in the above manner. The gold overlay does not contain as much copper as it should if "fusion gilding" had been employed. Neither was gilding accomplished by means of mercury. I have expressed my doubts as regards both mercury-gilding and mercury-soldering in America (Bergs0e 1938: 51), in spite of the fact that the theory has found many adherents. I now consider myself in a position to prove that none of the objects sent to me were mercury-gilded.
Samples of the gilding were taken from every object. The test pieces were cleaned, boiled in dilute nitric acid, and then used as electrodes for the spark for a spectroscopical analysis. In no single case was it possible to demonstrate the presence of remnants of the mercury which otherwise must have been present. Even the presence of such an infinitesimal quantity as 1 to 1,000,000 parts would have been identified.
Counter tests were made in the following way. A copper strip was mercury-gilded and then heated until not only had the mercury evaporated, but even the gold had diffused into the copper. Nevertheless, a spectroscopical examination of the copper revealed an amount of mercury present corresponding roughly to 1000 times more than the demonstrable minimum, Residues of mercury cannot disappear in the course of years. From the National Museum in Copenhagen I received two pieces of gilded copper, the one dating undoubtedly from A.D. 1138, the other dating about A.D. 1200. The first was leaf-gilded, and after the removal of the overlay, it was seen that the copper had been completely protected from corrosion. The other piece was assumed to have been mercury-gilded, for the gold was inseparable from the core; neither were there any signs of corrosion in this case. It was spectroscoped and showed such evident traces of mercury as to leave no doubt that mercury residues cannot "evaporate" from the gold, even after the lapse of thousands of years. Consequently I consider that the objects from Cocle were not mercurygilded, and I am still of the opinion that, if mercury-gilding or silvering has been employed anywhere in America, mercury must be demonstrable in the overlay to an extent of 0.01%. How, then, was the gilding of the Cocld material carried out? There seems to be no doubt that some of the objects were leaf-gilded, as the investigations previously carried out in America also showed. It might be appropriate to point out that this manner of leaf-gilding must not be compared with modern leaf-gilding, where goldleaf, which the finest technique enables us to hammer out into inconceivably thin sheets, is caused to adhere by means of some adhesive. In those days it was quite impossible to hammer out gold sheets of such extreme thinness.
There are also found in the Old World specimens of gold-leaf gilding where the gold-leaf was applied by means of heat to the carefully cleansed copper core. Gilding of this kind may serve as an excellent protection to the underlying copper if it adheres firmly and closely enough to prevent the ingress of atmosphere and moisture between the leaf and the underlying surface. This, however, does not clear up the problem of how the Cocle objects were gilded. In the case of many of them it is obvious that leaf-gilding has not or simply could not have been the method employed.
"Mise en coleur" is not gilding in the true sense of the word, but is rather a coloration produced by removing the copper from the surface. The gold overlay which thus appears is derived from the gold content of the object itself. It appears probable to me that the quite thin gold overlay found on several of the Cocle objects was derived from treatment of this kind. I carried out certain experiments which showed me that it was possible to "collect" the gold to form an overlay even in cases where the copper did not contain more than a small percentage of gold. This cannot be accomplished by oxidizing the copper by means of heat and then dissolving the copper oxide in an acid. If the attempt is made, the result is negative, for, even supposing that one can procure a gold overlay from a copper-gold alloy so poor in gold, the overlay will not adhere firmly. If, on the other hand, copper with a gold content of 5 to 20% be laid in a solution of ammonium carbonate and allowed to stand for a few days where air can reach it, the copper Residues of mercury cannot disappear in the course of years. From the National Museum in Copenhagen I received two pieces of gilded copper, the one dating undoubtedly from A.D. 1138, the other dating about A.D. 1200. The first was leaf-gilded, and after the removal of the overlay, it was seen that the copper had been completely protected from corrosion. The other piece was assumed to have been mercury-gilded, for the gold was inseparable from the core; neither were there any signs of corrosion in this case. It was spectroscoped and showed such evident traces of mercury as to leave no doubt that mercury residues cannot "evaporate" from the gold, even after the lapse of thousands of years. Consequently I consider that the objects from Cocle were not mercurygilded, and I am still of the opinion that, if mercury-gilding or silvering has been employed anywhere in America, mercury must be demonstrable in the overlay to an extent of 0.01%. How, then, was the gilding of the Cocld material carried out? There seems to be no doubt that some of the objects were leaf-gilded, as the investigations previously carried out in America also showed. It might be appropriate to point out that this manner of leaf-gilding must not be compared with modern leaf-gilding, where goldleaf, which the finest technique enables us to hammer out into inconceivably thin sheets, is caused to adhere by means of some adhesive. In those days it was quite impossible to hammer out gold sheets of such extreme thinness.
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